Among women of reproductive age, obesity (body mass index BMI ≥ 30 kg/m 2 ) levels have increased in the last decades. [1] [2] [3] [4] Recent estimates indicate 22% of pregnant women are obese, 5 while around 2% are severely obese (BMI ≥ 40 kg/m 2 ).
Interventions to increase physical activity in pregnancy are challenging for morbidly obese women. Targeting sedentary behaviors may be a suitable alternative to increase energy expenditure. We aimed to determine total energy expenditure, and energy expended in sedentary activities in morbidly obese and lean pregnant women.
We administered the Pregnancy Physical Activity Questionnaire (nonobjective) and the Actical accelerometer (objective) to morbidly obese (BMI ≥ 40 kg/m²) and lean Kcal; lean 781.1 (210.1) Kcal, P < .05), and in late (n = 14 per group, obese 1223.6 (351.5) Kcal; lean 893.7 (175.9) Kcal, P < .05) pregnancy. In conclusion, nonobjective and objective measures showed morbidly obese pregnant women expended more energy per day than lean pregnant. Further studies are needed to determine whether sedentary behaviors are a suitable target for intervention in morbidly obese pregnancy.
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Obese pregnant women need more energy to move and have a higher metabolic cost than lean pregnant women, so the work of breathing and moving takes a greater effort, and peripheral motor efficiency is decreased. 13 Studies comparing physical activity between obese and normal weight pregnant women are very scarce, 11 and the majority of interventions based on increasing physical activity levels in obese pregnant women have been largely unsuccessful in preventing adverse pregnancy outcomes. [14] [15] [16] Targeting a reduction in sedentary behaviors (ie, activities that expend very low energy, such as sitting or lying or reclining), may be a realistic alternative. 17 Epidemiological studies show that in the general adult population around 55%-60% of time awake, is spent sedentary. 18, 19 In a systematic review, we showed that pregnant women spend more than 50% of their time sedentary. 20 A handful of studies suggest increased time in sedentary behaviors during pregnancy is associated with adverse maternal and offspring outcomes. These include higher maternal levels of LDL cholesterol, 21 C-reactive protein, 21 and gestational diabetes, 22 for the mother, and higher new born abdominal circumference, 23 and risk of macrosomia (birthweight>4000 g), 24 for the offspring.
As little is known about sedentary behaviors in morbidly obese pregnant women, we aimed to determine total energy expenditure, and energy expended in sedentary activities in morbidly obese and lean pregnant women using two validated methods, objective (Actical accelerometer) and nonobjective (PPAQ). We hypothesized that morbidly obese pregnant women would expend less energy in total activities, but proportionally more time in sedentary activities than lean pregnant women.
| METHODS
Subjects were morbidly obese (BMI ≥ 40 kg/m²) women with a singleton pregnancy attending the Antenatal Metabolic Clinic at the Royal Infirmary of Edinburgh, UK, and lean (BMI ≤ 25 kg/m²) pregnant women recruited from community antenatal clinics who were participating in a larger study examining the consequences of morbidly obese pregnancy. Details of the overall cohort have been previously described. 25, 26 Ethical approval was obtained from the Lothian NHS Research Ethics Committee, and all subjects gave informed written consent (REC reference number 08/S1101/39).
In this cross-sectional study, women were asked to complete the Pregnancy Physical Activity Questionnaire (PPAQ) in early (<24 weeks' gestation) and late (>24 weeks' gestation) pregnancy. The PPAQ is designed specifically for pregnant women to assess the energy expended in activities of different intensities. It contains 36 questions and was validated against the Actigraph accelerometer (Manufacturing Technology, Inc.) in pregnant women in 2004. 27 Results on energy expenditure are given in metabolic equivalents 28 per day and as total activity plus four different activity levels (sedentary, light, moderate, and vigorous). Additionally, energy expenditure is given separately in three types of activities (house activities including caring, occupational, and sports or exercise). To show the data in kilocalories per day, we calculated the resting metabolic rate (RMR) using the Mifflin and St. Jeor equation, 29 which has been tested as the best equation
to estimate resting energy expenditure in obese and nonobese adults. 30, 31 Energy expenditure was also assessed in early and late pregnancies, in a subset of women (n = 14 per group) using the Actical accelerometer (Mini Mitter Company, Inc., USA), which gives data on Active Energy Expenditure in kilocalories per minute a day, and has been validated for use in healthy adult populations. 32 Sedentary activity was classified as time spent performing activities that register less than 100 counts per minute. 33 Women wore the device on their nondominant wrist, for 2 weekdays and 1 weekend day, for 24 hours each day (including sleeping time), and were told to remove the Actical only for bathing, or during water sports activities.
| Statistical analyses
Data distribution was tested using the Shapiro-Wilk normality test. Continuous variables including time spent in sedentary behaviors, and relative total daily energy expenditure, were compared between morbidly obese and lean pregnant women using T tests or ANOVA for normally distributed variables and Mann-Whitney U test for data that were not normally distributed. We compared the proportions of energy expended in the different daily activities between groups using ANOVA or Mann-Whitney as appropriate. Regression analyses were used to adjust for potential confounders when analyzing the PPAQ. In particular we adjusted for parity and socioeconomic status as these have been reported to influence activity levels in other studies 34 and also differed in our sample (Tables S2 and S3 ). Differences were accepted as 
| RESULTS
The PPAQ was completed by 109 lean and 140 morbidly obese women in early pregnancy (<24 weeks, range 12-23 weeks), and 64 lean and 104 morbidly obese women in late pregnancy (≥24 weeks, range 24-36 weeks). Table 1 shows the characteristics of participants who completed the PPAQ. Morbidly obese pregnant women had higher BMI, parity, were of lower deprivation category status, were younger, delivered earlier, and gained significantly less weight than lean pregnant women.
Demographics of the women (n = 14 lean early; 14 lean late; n = 14 morbidly obese early; 14 morbidly obese late) who wore the accelerometer were similar to the full cohort (Table S1 ).
| Total energy expenditure and sedentary energy expenditure in morbidly obese and lean pregnant women
When comparing reported energy expenditure using the PPAQ between morbidly obese and lean pregnant women, morbidly obese expended significantly more energy per day as total expenditure, and in sedentary activities in both early and late pregnancies, as shown in Table 2 . These differences remained significant in regression analyses adjusting for maternal age, parity, deprivation status, and ethnicity.
Objective measurements of energy expenditure using the Actical confirmed that morbidly obese pregnant women expended significantly more energy than lean pregnant women in early and late pregnancies despite the observation that in both stages of pregnancy morbidly obese pregnant women performed significantly fewer activity counts than lean pregnant women (Table 3) .
| Proportions of total energy expenditure in different intensity activities
Proportions of energy expended in different intensities of activity are shown in Figure 1A ,B. In early and late pregnancies, morbidly obese pregnant women expended significantly more energy in light intensity and significantly less energy in vigorous intensity activities than lean pregnant women. Differences in the proportion of time spent in vigorous activities remained significant after the regression analysis, controlling for maternal age, parity, deprivation status, and ethnicity. Differences in the proportion of time in light intensity activities did not remain significant in adjusted analyses. No differences were observed between lean and morbidly obese pregnant women in the proportion of time spent in moderate or sedentary intensity activities.
| DISCUSSION
Our findings demonstrate that morbidly obese pregnant women expend more energy in all physical activities other than vigorous activities than lean pregnant women. This is despite the observation that morbidly obese pregnant women have fewer objectively measured activity "counts" than lean pregnant women. Further, though both groups spent a similar time in sedentary activities, morbidly obese pregnant women expended more energy when sedentary than lean pregnant women.
Our observation that morbidly obese pregnant women expended significantly less energy in vigorous activities than lean pregnant women corresponds to other studies showing that this domain of physical activity volume is lower among pregnant women, 10 but even lower among overweight or obese pregnant women. 11 However, we had anticipated that morbidly obese women would spend proportionally more time in sedentary activities than lean women, but objective measures showed time spent sedentary was similar in both groups. The obese group also expended significantly more total energy daily than lean pregnant women in sedentary activities, consistent with their greater basal metabolic rate. 30 Though morbidly obese pregnant women expended significantly more total energy than lean pregnant women, they registered significantly fewer activity counts than lean women using the Actical accelerometer. Counts assessed by Actical are an indication of movement in relation to different planes, gravitational forces, magnitude, and duration of the sensed acceleration, but not linked to personal characteristics such as gender, age, or body weight. 33 Thus, interventions designed to increase overall movement, many of which could be performed while sedentary, ie, sitting, lying, or reclining, may still be a suitable target for morbidly obese pregnant women.
Our observations were similar in early and late pregnancies suggesting any intervention should be started in early pregnancy. Strength of the study is that we used two different methods to assess energy expenditure and sedentary behaviors, including the PPAQ questionnaire, which has been validated in pregnancy, and an objective device. Due to the detailed characterization of the women, we were able to adjust for potential confounding factors including parity and socioeconomic status which were associated with differences in energy expenditure in our sample, as has been reported by others. 34 Findings remained significant after adjustment for these confounders. Limitations include the
reported Energy Expenditure per Activity Intensity in early pregnancy. *Significant at P < .05, **Significant at P < .001. B, Percentage of self-reported Energy Expenditure per Activity Intensity in late pregnancy. *Significant at P < .05, **Significant at P < .001 0% 5% 10% *Significant at P < .05 **Significant at P < .001 *Significant at P < .05 **Significant at P < .001 risk of recall bias and potential for lack of reliability of the PPAQ, since subjects might be dishonest or inaccurate in their responses. We also acknowledge the small sample size used with the Actical accelerometer limits interpretation of results. While subjects wore the accelerometer for the recommended time of the manufacturer, we acknowledge this was for a relatively short time. Despite this, the Actical findings for energy expenditure were consistent with the PPAQ outcomes. A further strength is the focus on morbidly obese pregnant women, who may be unable to participate in interventions designed for less severely obese women, 15, 35 and have also been identified to have specific barriers to participation in physical activity interventions. 36 We acknowledge that time spent sleeping, which may impact on the time spent sedentary, was not specifically assessed in our study, but we are not aware that sleep duration differs between morbidly obese and lean pregnant women. 37 Though we used two validated measures to assess physical activity in pregnancy, neither was specifically designed to understand sedentary activities in pregnancy. A recent systematic review highlighted the heterogeneity in assessment of sedentary activity 20 with measures ranging from 7 to 18 hours per day.
| Perspective
A better understanding of sedentary activity is needed for the design of effective interventions to help to reduce the adverse effects of obesity on pregnancy, especially as obesity prevalence is growing among fertile women, 38 and that there are risks associated with obesity during pregnancy, for mothers and offspring. We have shown that morbidly obese pregnant women expend significantly more energy than lean pregnant women, but they also expend significantly more energy on sedentary activities. These findings suggest that energy expenditure might not be the key factor to obesity, but energy intake might be. Nevertheless, sports and physical activity interventions may play a role as preventive health factors contributing to better and effective alternatives to reduce those risks associated with obesity during pregnancy, and to reduce time spent sedentary.
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